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T!h« designation of the institute was Vasipari Kutato Intezet (iron Industry 
Research Institute)* It was a subordinate agency of the Koh o Es Gepipari 
Miniszteriua (The Ministry of Foundries and Machine Industry)! 


was still subordinated 
to the same agency] | institute was located in a modem building, 

on the northwest corner of Fehervari Ut and Andor Utca, Budapest XI, with the 
min entrance to the institute being located at 130 Fehervari Uto 

The institute was responsible for varioxis types of advanced research conducted 
under the guidance of the Ministry of Foimdries and Machine Industry for the 
purpose of satisfying urgent industrial reauirements * It was divided in the 
following major sections or departxoents § (a) Cast Iron Department; (b) Steel 

and Steel Alloys Department; (c) Pig Iron and Ores Processing Depajrtment; 

(d) Powder Metallurgy; (e) Welding Research; (f ) Material Testing (Microscopic 
and Mechanical Testing); (g) CheDLico-analytical Department; and (h) AdminlsUi. > 
Section o Approximately 12 persons with professional qualifications, among ther^ 
from five to six fully qualified engineers, composed the nucleus of each depar t 
ment. I I 
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The facility at 130 Fehervari Ut occupied by the institute, was a very modern 
structure completed in 19^1 • It was a two -story building with additional office 
space located in the basement* The building was equipped with all modem 
facilities, such as gas, electricity, running hot and cold water and central 
heating system. 

Between 200 and 250 personnel were employed by the Institute including the 
scientific staff. Dr Jozsef Yero, an allegedly internationally known metflLllurgi8( 
and Professor at the Technological Institute of Miskolc (i«do6H 20^71), was In 
charge of the institute, commuting between two institutions every othw day. 


USAF review completed. 
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Approximately half of the building occupied by the institute vaa emcuated 
^rtly before December 1956 for the purpose of accoBBiodatlng another 

Vfaich I vould posslbly l^ntlfy ae Aluminum Research Iq etltute. 
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I the new organization vas equipped with instruments required 
for apecti-^l onaiy flaand microphotography as applicable to mineral technology. 

Bach candidate f or a Ph D degree or mem^rship In the Hungarian Acad^ 

Science had a choice of f our languages (Hungarian, German, Busslan, and Bngllsh) 
his thesis ! 


/to Pile 


are: 


(a) Photostatic copy of Bcientific paper "Surface Pattern of 
Spherical Shell Graphite" eight pages. Unclassified. 


(b) Photostatic copy of scientific paper "to the Cryst^llzation 
of Graphite in Cast Irons”, 31 pages- Ghclasslfie<y^ 
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ACTA TECHNICA 

IrAGtAlt TUDOMXNYOS AKADfMIA 
; i ACSZAKI TVDOMlNYOK OSZTAI/TANAK 
‘G .V -• KOZLBlffiNYEI 

P.N- v ,V’ .. ' . ( 

AnWM>T 4 tt« it KIAVdaiVATALt BDDAPB 8 T. V.. ALKOTMAN 


Y U. II. 


. imim 





ny^rtn kSmSl 6 it«krB^ket « mf uaki 


I to tU k be n Jelenik UU> fiOaet alkot egy 




imi. • UrMkMS cfare kaldendSk : 

Brnt^m 440. 

IPiriiBJitMgi 4» IdaddliivAUU leveles^. 

M MMMikteZ boirsldM to forint* kfllfoldro 110 forint. 

i Kiad 6 ***iiAl (Bqdn p ot i , Y.* Alkotmdny ntca 21 . 

> m MCM m4min pedig • Ktayr Hirlap Kail 

•YL* SsUlin dt 21. Bnakttdmk : 43-790-057-181 K vagy 


aAM fMbton nydmKyiOT rpaicrmi 4 i 3 o 6 .na€TH rexiiHMecKMX nayK iia pyccKom, 
IjpOMqrmdPi^ diriiniOM n HenoiKOii snwicax. 

a4aii* Miiaiia».puxsMr oraejiMiuaiN nunycKaMH paaHoro oOiieMa. HecKo.ibKo hm- 

DfCMgB O IC ttMi M T QflHIl TOM. 

^ flpWOMaWMiiK AJiM nydJiNicaiiMM pytconMCH (b ManeMaraHHOM na MaumriKe uh.k) 
cJNvytr MBupoMim no aapocy : 

Aetm Tmkniem 

Hn d bpfM , dJ, Pom^Uk 440. 

no troMy M aapecy Hanpujiim BcnKyn KoppccnoHACiniHiD Ann pturaKUHN n aaMN* 

HHcrpaiMiH. 

no*!iiii€Han nena «A«tn T t n h riw — llo ^pnirron aa tom. SaKtau npNHHMaor npca- 
•ipMMmt DO meiUHOlt Toprom lOmr n rasrr oKoMran (Bndnpett* YI.« Satdlin dt 21. 
TcKSfiMNi cner J* 43-799-0$7*2fl)* mjih fro aarpamiHHUC npeAcraaMTejibCTBa n ynojiiio- 
fglMfllMUe. 
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SURFACE PATTERN OF SPHERICAL SHELL GRAPHITE 

I. KARSAY 

CANDID ATR OF ENG. SC. 

INDUSnUAL IRON AND STEEL RESEARCH INSTITUTE, BUDAPEST 
[Received 21tt November 1955] 


III a former paper [Ontode (Foundry), No. 8 — 9, 1955, pp. 169. 
and 205., in Hungarian] the author gave account of his observation that under 



Surface pattern of j»pherical shell graphite 550x, 

certain circumstances graphite crystalliz**s in cast iron in hollow, spherical shell 
structure. A characteristic pattern is visible on the surface of this spherical 
shell graphite. 

Latest investigations have found that the pattern consists of concentric 
circles (see Fig.). 

By reason of the same investigations it is probable, though not proven, 
that the pattern is not correlated with the crystallization of graphite, but with 
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482 I. KAJISAY 

that of awtenitl^ TWt U to toy, after removal of the graphite shell the lin«'H 
appear on the iNB avfaoe too ; the graphi^ shell is only modeled in full thicluieh»< 
according to the wrinklea of the iron Surface. 

It haa to ho pointed out that the a^^re- mentioned pattern has so far been 
recogniaablo only on spherical shells developed in magnesium-treated cast 
irons ; the surface of spherical shells of ^ther kinds of iron is smooth. 

I 


CTPYKTyPA nOBEPXHOCTM nOJlOrO COEPOM^lAJlbHOro rPAOMTA 

Kami. TCXH. HiyK H. KAPlllAH 

, B^nyfaMKOBSHMOli SBTOPOM fOMtt CTSTbe (0nt8dc<JlHTeAH0e npOM3BOACTBO) 1985, 
oiiS, CTpM69, COOTS. 205, hs senr. as.] yKSsSHO, hto npn onpeaejieHHux yc.ioBHBx b «iyryMC 
KpHCTajunanp^UTca nojiuN mapoBNAHull rpa^T. Ha noBepxNOcm aroto mapoHiniHoro 
rpa^ nra sadaiOAaeTca xapaKTcpHSa crpyiaypa. 

llocneionMB NCOMAOoaHNiiMM- ycraHOBJiCHO, mto crpyKrypa npeAcTaB.ifleT co()«:h kdm- 
imnpiriccKac Kpym (cm. pnc.). 

Ha OCHOOC 3TNX N(C NCCilCAOSaHMN BCpoSTHO, XOTH Cllie HC AOKaaBHO. MTO Hau 
ASBoMnica CTpyKTypa csaaaaa He c KpHcrajuiMaaiuieft rpa^Mta, a c KpHcraji.iMriauHes ayc te- 
HHTS. CrpyicTypHfcie jihhmm nocjic yaanCHMS rpa^MToeott o 6 ojiomkm HadaioAaioTCB TaK>Kc Ha 
noocpxHOCTM nrauina, rps^wroasa ace o8oJiowca so scett csoeft tojiuic jiHuib noBTopncT ctpvk- 
Typuyn ^opMy aa noaepxMocm aycrcHirra. 

B aonoAHCaMe k sroMy cncAyer enie yicaaaTb, mto ynoMmyryio Bbiiue crpykrypy ao 
cero speMCHN yaajioca noKasars tojimco hb luaposux oOojioHKax, o^paaoaaBuiMxca b MyryHc, 
oOpaOcTOMHOM ManmcM, noaepxnocrs )Ke oGojionck luapoBHAHoro rpa4iHTa apynix coproa 
syryHa rjiajuua. 


DESSIN DE LA SURFACE DU GRAPHITE EN COQUE SPHEliigi E 

J. KARSAY 

CaaSWUl Mtoncci iwSalqu** 

Dam um 4tade satiriiais (OatSde (»Fondcrie«), No. 8, 9, 195S.pp. 169rt 205 rn hotinroM.) 
rsHlsar a reads eeaqMe de rebeenrstion que dant certainet conditM>ii^ !<• graphitr »r crisulliae 
daas la Isate ea eoqses yMripasi videa k rint^rieur. 

Lss reeherekea let pbu rdesatea oat d^montr^ que le deMin dr crtte structure coaaUte en 
dee eerdes ceac e asr i faes (v. Hg i 

A la base des hiNim Hades il ett probable, bien qu*il tie Moit pat prouvf, qse ce deaain 
eat ea eerrdatioa aoa pas avee la eristalliaation du graphite, mais aver celle de rasalHUte. Kn 
efist les ligaes existeat ear la sarlbee ds fer auMi, aprSi relimination du graphite. La eoque de 
graphite se BMMlIle ssals msa t sar les Hdes de la surface de fer en touts sea dpaisseur. 

n fimt aeter eacere qae ee dessia a*a M constat^ jutqu'ici que sar les eoques tph^riquen 
dHrefeppdes daas de la Isau traHde par ^addition de magnHium, taadis que la surface des 
oeqaes sphMqaes de graphite des aatres ttpkcm dr funtr est lisse. 
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DAS OBERFLACHENMUSTER DES KLGELSCHALENFORMICEN CRAPIIITS 

I. KARSAY 

4m taokaiMkaa WuMtnMtliaftfa 

Der Verfauer hat in einer Mhcrcn Arbeit (»Ontode« [GieBserei] 1955, Nr. 8, S. 169 und 
Nr. 9, S. 205, nor ungarueh) darOber beriebtet, daits im CuBBeisen unter gewiBBen limBtanden 
ein innen bolder, kngeUebalenfdrmiger Grapbit kristaliiBiert. Auf der Oberflicbe dieseB Kugel- 
grapbita iat ein ebarakteriatiacbea Mnater au beobachten. 

Die neueaten Unteranebungen haben ergeben, daaa dieaes Muster auM kanaefifriadkea 
Ringtn beatcht (vgl. Abb.). 

Anf Grand deraelben Untersuebungen erBcbeint ea ala wahracheinlirh — weimgleirh 
noch niebt ala erwieaen — , daaa das Muster nicht mit der kriatalliBation den Grapbita, aoi^em 
mit der dea Anatenita suaamnienhlUigt. Die Linien aind nftmlich auck nach der Kntfemung der 
Grapbitaebale anf der EliBenoberfliche su aeben, die Grapbit acbale foigt aim* in ibrer gansen 
Dieke der Faltung der Eiaenoberfliche. 

£s iat an bemerken, dasa ea biaber nur an Kugelachalen, die aich in deni mit Magneaium 
bchandeken Eiaen gebildet haben, gehingen iat, daa erwahnte Oberf lacbenmuater naeliziiweiaen, 
wibrend die Oberfliche der Grapbitkugelacbalen anderer Kiaenaorten glatt iat. 
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ON THE CRYSTALLIZATION OF GRAPHITE 
IN CAST IRONS* 

I. KARSAY 

CAND. TECHN. SC 

HUNGARIAN RESEARCH INSTITUTE OF THE IRON AND STEEL INDUSTRY 
[Manateript received 27th July, 1955) 


1. IntnMhictMMi 

^ The problem of the crystallisation of graphite in grey cast irons is a verv 

much discussed one, and in the past 50 years scientific papers, related with this 
theme, have appeared in an incessantly increasing numhe**. There is perhaps 
no other question in the field of metallography, where so many contradictory 
views are still conflicting each other. It is, however, hardly conceivable to have 
a trouhlefree commercial production or to be able to control securely the 
various factors, which affect the same, without the clearing up of the theoretical 
aspects of the crystallisation of graphite. Just this shows the practical signi- 
ficance of the outlined problem. 

Great efforts have already been produced to give a comprehensive ex- 
planation, made during the experiments or in the practice and related with 
this question. The various explanations are, however, generally in contradiction, 
not only to each other, hut to some observed phenomena too. There are also 
some observations, for instance some of the author^s as well, for which there 
lacks any explanation. 

It is therefore principially just and scientifically permissible to evolve 
a new hypothesis. This is set down in the last section of this paper and is based 
partly on observations, made during the experiments conducted by the author, 
but mostly on theoretical and practical experiences gathered in the past. The 
said hypothesis explains principally all the observations made by any investi- 
gator. It is nevertheless not absolutely — especially in all details — accurate. 

2. The review of the Uteratnre 

At already mentioned in the Introduction, several explanations and by numerous authors 
were developed for the crystallisation of graphite in cast irons. Even a shoit summary of their 
work would make this paper out of proportions, and the author wishes to undertake only a ch* 
tical review of S main problems, which are especially important in view of the following inter- 
^ pretatioos. Even this review could be made only a limited one. 

* Abridged version of the author’s thesis, submitted in partial fulfilment of the require- 
; ments for the degree of Candidate of Technical Sciences at the Hungarian Academy of 
' Sciences.' 
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I. KARSAY 


2.1 TIm f fUm i the shape af the graphite flakes 


There are very few notes, dealing with this question. The greatest part of the authors 
take it for granted that the solidification of the molten cast iron leads to flake>graphite. 

Essentially there exists only a single explanation for the formation of grap^te flakes. 
According to this, the crystallisation has preferred directions in wich to propagate at very high 
rates, and this is made possible by the structure of the crystal lattice of the graphite — this 
difference in the crystallisation rate leads then to the flaky shape. 

This explanation is however far from being satisfactory. It is nevertheless a fact, that 
the formation of a new unit cell in the direction of the axis of the lattice makes necessary the 
arrangement of 6 carbon-atoms, whereas for the formation of a new unit <*ell in the direction 
of the basal plane we need to have only 4, 3 or 2 and in some cases only a single carlH»n-atom. 
The probability for a growth in the direction of the basal plane is therefore 6 — 1 1/2 times as 
great as in the direction perpendicular to that, and in reality is still much greater, because 2 or 
3 atoms may be arranged much easier than 6. 

We come to the same conclusion, if we are examining the question of the binding forces. 
The consecutive basal planes are bound only by very weak forces to each other. The formation 
of an entirely new basal plane makes therefore necessary the corres|M>nding positioning and 
grouping of much more atoms, than the further growth of an already existing basal plane. In 
the last case we have a probability of about 50% for a ^^superficial equilibrium*' of the new* 
atom. (On two of the neighbouring comers there are already located carbon atoms.) Kveii if it 
is not so, each atom arriving in the basal plane is bound by covalent forces, which are in anv 
case much greater, than the bonding forces perpendicular to that plane, the so-called \ an I'KH 
W'aalh forces! 1]. 

It is therefore quite obvious, that the dimensions of the basal planes of the graphite 
particles are always greater than those perpendicular to that plane. This is, however, far from 
giving a satisfactory explanation for the formation of flake-graphite. 

Should the ratio of the various dimensions really be governed by the laws of statistics, 
then there lacks an explanation for the great fluctuation of the same ratio. The ratio of the 
length to the thickness of the graphite flakes varies usually between 3 : I and 2<K) : 1. It is very 
curious that the greatest flakes are generally the thinnest ones. There als«> larks an> explana- 
tion as to why there are encountered so few graphite flakes with poKgonal cirrumferrnre ; if 
the formation of the same would really be governed by ihi* laws of rrystallixalMm. one sb<»uld 
expect to find a hexagonal shape of the graphite. 

The above explanation is especially insufficient in view of the fart, that the graphite 
flake is not a monocrystal, but a grouping of crystallites. 

PnvoWARHKY and WlTTMOHKR [2] made X-ray examinations and have shown the linear 
dimensions of the crystallites of the graphite of cast irons l>eiiig of the order of Ml • cm. Sip- 
posing the shape of the crystallites to he cubical, a graphite plate with a diameter of MMI n 
and a thickness of 5 ft would be made up by a number ,\ of rr>stallites 


. (10 *)» . 5 . 10 * 

y . 3 , 0 . 101 * . 

(10 ’)» 

In reality, it is very probable that the crystallites are alM> lamellar and .\ is therefore more 
probably somewhat less. 

Accepting as a fact — which is hardly disputable - that the hypereutectic graphite 
crystallizes directly from the melt, it is quite unintelligible, why the crystal nuclei are not 
randomly distributed in the melt, but are highly concentrated in relatively small - and periodic- 
ally repeated — volumes and are later grouped into homogeneous graphite flakes. It is still 
stranger, why these plates, growing out from a great mass of crystal nuclei, are perfeetK parallel 
to each other. It is notably a fact, that the crystallites of a graphite plate are in an arranged 
state because their ((MIOI) indexed planes are always parallel to the basal plane of the graphite 
plate. The proof of the same can be attained very easily by magnetic measurements. 

The enumerated facts cannot be omitted when considering the problem of the Ahupe 
of the graphite flake. 

2.2 The ptahleni of the spheroidal shape 


In contrary to the aforementioned problem, the literature related with the *‘spheroidis- 
ing" problem is very abundant. The mo*.t common explanation relates the •pheroidal ^hape 
with some “unkind*’ nuclei. A hexagonal (kind or unkind) nucleus grow, into a flake, wbrrra^ 
a cubic nucleus leads to spheroidal graphite (3). Although there remained but a few adherent*, 
to this view, it is worth while to deal shortlx with this question. 
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ON THE CRYSTALUZATION OF GRAPHITE IN CAST IRONS 


lOI 


Modern metaUography highly appreciatee the crystal andet or — what is aUnost the 
same — > some ^^approximately arranged atomic grooniiics** srithiB the owk. The dimensions of 
the primary grains depend mostly on the amoant of the said nadei. It is also eoaceivable that the 
lack of them nuclei is suppressing the crystallixatioa of some phases. (Nadear hypothesis of 
the Fe-C diagram-twins.) According to our knowledge^ however, we cannot give a satisfactory 
explanation as to how some nuclei, which represent the outset of the ervstaS^tion, could be 
made responsible for the alteration of the shape of a grain in such a way as it happens in the 
case of spheroidal graphiu. The nuclei may indicate as to where the first crystallites are likely 
to be formed in the imH, and the in^reasii^ amount of nuclei may lead to the decrease of the 
dimensions of the grain, but they caR hardly be made responsible for the aheratioa of the flaky 
form into a spheroidal one. It is therejore quite out of place to speak of some nuclei which ‘‘favour 
the formation of spheroidal graphae**. 

A very interesting opinion Js that of CiixmoT |4), according to which ferrosilicoa , 
used for secondary inoc^tion, retfilts in some parU of the melt being spheroidal, saturated 
with silicon and of hyperentectic edneenuation, in the centre of which places the graphite may 
segregate in the form of small spheres, linking some calculations ou the alteration of the coa- 
ce nUation-gradient as a function of time. We find a sarpridi^ conformity between the iijie "-! — r 
of these sin^ spheres of hyperentectic cincentration and those of the graphite spheres. There 
is no doubt, however, that spheroidal -jraphite can he made to crystalliae out from a pseudo- 
homogeneous material |5], without any inoculatioa with Fe^ and this fact could hardly be 
explahmd with the help of the said hypothesis. 

Graphite formed indirectly has always the shape of a sphere or of a spheroid, according 
to the opinion of Girmhovitch [6], Xhc form of tb^ graphite is controlled, according to him, in 
this case not by the crystallixatioiv but by the conditions for the diffusion of carbon and a dif- 
fusion around a nucleus is alwjys spherically symmetrical. The weak point of this reasoning 
lies in the fact, that tempering at high temperatures may lead to flake graphite too [2, 7). If 
we accept, as Girshov itch claims^ that the alloy is at this high temperature in a ifuasi-liquid state, 
then it nrast be much more liqnid in the temperature range of eutectic solidification or at a tem- 
perature just below the eutectic temperature, even after a treatment with Mg. 

Thm is another opinion, according to which the interdendritic residual meh geU ^ghly 
saturated in carbon and this should ha m a de resfmnaihia for the formation of iphrraidal gra- 
phite |9]. This view neglects, however, to answer just the mast important questaan as to why 
sboukt this be responsible for the same. 

A very imposing and now favoured explanation Is based on the great surface tensioa of 
the meh which should force the graphite to take the form of a sphm. The formation of 
spheroidal graphite was compared by THAIXand Chalmriir |10| with the modification of the 
Al-Si alloys by sodium. It is out of question that the treatment of the iron melt with Mg cause* 
an increase of about 50% in the surface tension of the same [II]. But it is also out of uuestion, 
that spheroidal and flake graphite may be produced within the same material and at tlw same 
time. Variation of the cooling rate may result in a part of the sample having graphite in the 
form of spheroids, while the other part of the same sample may have graphite in the form of 
flakes (see Fig. 2). The surface tension of a melt is everywhere the same, because it is quite 
independent of the cooling rate. It may be concluded therefore that the surface tension ma\ 
exercise only a secondary effect on the shape of the graphite. 

Mg forms an adsorbing envelope around the graphite, according to Bt'TTNRU, TAVUm 
and M'i'Lrr [12], and this prevents the obeyance to the laws of crystallisation. On the other 
hand. Corral [13] explains the formation of the spheres with the cleaning action of Mg on the 
boundary of the different phases. Neither idea is based on experimental observations, but on 
rb»sc examination we may find that both attribute the spheroidal shape of the graphite to the 
increase of surface energy. This explanation is, however, as already discussed, not a sufficient one. 

More and more investigators are imagining the crystallisation of the graphite as a proees*. 
v hich takes place from a supersaturated solid solution. The investigations of M rmtfioKM |||| 
gave a real proof of the fart, that the spheroidal graphite is formed always in the primary 
dendrites of austenite. This fact gives, however, no explanation as to why it takes the form of 
spheres. ^ 

The most up-to-date conception of crvstallisation of the graphite nut of a supersaturated 
*«did solution ia the hypothesis of Bi’NIN. his fundamental idea [I5| is that the formatmn «tf 
graphite first of all retires some vacant place. Cryst alligation of the graphite can take place 
only in those places, wnich are made free for it by the iron atoms. Thus — arc«*rding to Bunin 
the controlling factor of the rrystalliiation of graphite is the self-dif fusion of the iron atom*. 

This fundamental idea was further developed by two new papers. The first of them t« 
that of Lif'HTMAN |lb|. He proves by his experiments that the decomposition of rementite i* a 
very rapid process, if porous products of powder metallurgy are l»eing annealed. This ‘*ultrs- 


Approved For Release 2009/07/24 : CIA-RDP80T00246A002900290001-8 



Approved For Release 2009/07/24 : CIA-RDP80T00246A002900290001-8 


1'>2 I. KAHSAY 


rapid** decoiiipoftition of the crmrntitr was explained by Lichtman on the basis of the hypothesis 
i)f Bunin. Lichtman supposes that the graphite finds already some ready made cavities in this 
|M»rous material and thus there is no need for the self-diffusion of the iron-atoms. That is the 
reason why this process is so rapid. 

laist of all a new paper of Bits in [17] gives a very interesting proof for the pronounced 
♦■ffect the cavities exert on the crystallization of graphite. He succeeded to produce white iron 
consisting entirely of ledehurite and always being porous, though not to a great extent. This 
iron he annealed for a long lime at a high temperature in order to secure the decomposition of 
the cemenlite. He observed already after the first 24 hours, that the nascent carbon atoms 
were penetrating into the cavities and formed there graphite. These cavities became filled up 
•nlirelv bv graphite. The continuation of these experiments is especially interesting. He con- 
tinued the annealing after the filling up of the cavities, at the same temperature (1100 L) and for 
72 more hours and fouml no further graphitisation. This illustrates that after the filling up of 
the cavities there is no further decomposition of cementite ; the same is very stable. 

Not even Bunin's reasoning is quite convincing from the viewpoint of the formation 
of the spheroidal graphite. He brings the support of the sphere-forming action of the formation 
of cavities by self-diffustdii in one of his papers |18], making the observation that the shape 
a section of a spheriodal graphite is always a polygonal one. (Should the cavities be formed by 
<*elf-diffusion, the surface of the same would be made up by planes. This follows from the crystal 
structure.) In reality the section is generally a circular one, even when examined at great magni- 
fications, and there are, if any, only a few corners in a section of a spheroidal graphite. This can 
be proved by photomicrographs, taken from the inner structure of a spheroidal graphite (sec 
Fig. 17). 

hen summing up these explanations of the crystallization of spher<»idal graphite, we 
come to the same conclusion as in the case of flake graphite. There is no univocal explanation 
of the laws, governing the crystallization and formation of spheroidal graphite, which should 
comprise all the observed facts without any contradiction. 

2.3 The effect of the cooling rate 

One of the first observations related with the metallography of cast iroi)^ was the fact 
that the cooling rate exerts a very great effect on crystallization. 

(Hastings with very different properties can be made from the same material. (»nly hy vary- 
ing the cooling rate. It was therefore only a natural stride to clear up quantitatively the effect 
of the cooling rale. This led to the different **diagrams" of cast irons, which take intti consitler- 
ation the effect of cooling rate. 

The most commonly used diagram of thiskind was that <if F, (rKKlNKKaml I h. Ki.iN<iK\- 
vikin, determined in 1926. According to this, a material with a given chemical composition 
has a structure of ferrite 4 - graphite — w hen produced by slow co(ding — , later pearlite gra- 
phite, then mottled and at last — when produced by rapid cooling — fully Icdeburitic. 

These diagrams have not been able to reproduce truly all the different kiinls of struct urcs, 
which are made possible alone by the variation of the cooling rate. 

The inverse chill of the castings was for instance a well-known phenomein»n, even at the 
time of orld ar 1. This phenomenon could not be explained by any of these diagrams. 

The supposition, that the effect of the cooling rate cannot be described in such an easy 
way, as in the case of these diagrams, was supported already in 1929, by an observation made 
by IlKYKKand May (19). They observed that at the point the wedge-shaped samples, cast for 
the determination of the effect of the cooling rate there was in some cases some ferrite. This 
fact could hardly be explained by any conception basc<l on the effect of the cooling rate and 
was called therefore “ferrite Type I" as against “ferrite Type II”, which was formed on slow 
cooling of the sample. This distinction was not a lucky one, because it is out of question that 
they are lioth the same solitl sidiition of iron and carbon. The difference lies only in the circum- 
stances of their formation. 

In the next two decades following thi^ observation there were discovered many pheno- 
mena which are further interfering with the once very simple — conception, related with the 
effect of the cooling rule. 

Meanwhile it was established scienlificalh , that alhiys produced with the same chemical 
composition but melted in different plants show different behaviour. The difference appear- 
mainly in the inclination to be ome while. Different measurements were given in proof that 
iron, melted in reverberatory, electric or crucible furnaces shows a greater inclination to beconn* 
white, than cupola-melteil iron. 

From this view even the quality of the burden is not indifferent — even in the case when 
the materials used are of the same eomposition. These “inherent” properties are too often over- 
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lapping tht effect of tbe cooling rate and great caution ia needed when naing the diagraMa of 
Creiner and Kiingenatein« 

Among other diaturbing factora ahoold be mentioned the effect of aiiperheating and a# 
modification and the very important differcncea in tbe abape of the graphite. 

'Bhere are made every year aome attempta to improve tbeae diagrama. The amat vp*to* 
date ones [21. 22. 23] take into conaideration many more factora than the diagram of Grkinkr 
and Kunoknstken. They are nevertheleas only of informatory character, aoch aa aa the aUagraaa 
of Greiner and Klingenatein. For practical uses it is to be preferred to use the latter one, beranae 
it ia handier and therefore more valuable. 


3. The «itlior*8 own experineBU 

3.1 The produrtion of nodular rosl iron uriihoui the appiicaiton of anv treaiimemi 


The po»(»iibi]ity of the formation of spheroidal graphite in ra^t ironn in 
a long-known fact. At first it was observed very seldom and cmly at the end 
of the last thirties succeeded Adey [23] to produce intentionally nodular cast 



Fig. 1. Mould used for tbe casting of conical samples. I : Dried sand mould. 2 : Dr> sand No. h 


iron. His method needed no treatment with either Mg or the like. (The artioB 
of these additions and their effect on the sha|»e of the graphite was discovered 
only about a decade later.) 

For this purpose we need to ha\e — according to the patent appItcaHon 
of Adey — an alloy of eutectic or hyfierruteclic ci»m | nisi t ion. free fn»m slag- 
inclusions and alloyed with silicon in an amount of at least 1 He considered 
it as in3VniiHiiddhHM||||M^^hgMinrtal strongly superheated and to contain no 
more than 0,008% sulphur. Even on fulfilment of all these cNinditions he suc- 
ceeded to produce castings with sphercudal graphite only in that case, when 


the cooling was rapid. 

The author carriefl out ex|ierimenls in ortler to shed light on the problem* 
whether all the criteria - as laid down by Adey must he taken into con* 
sideration. 
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The samplw wero mehed in m furnace of the Tammann eyeten, eimkpom e d 
of the following materials : soft iron powder (0,4% Mn, 0,071% S, 0,012% P« 
0,16% Cu and no Ni, Cr or V), flake graphite (with ash-content 4,5%) and ferro- 
silicon (94,8% Si). The crucible was made by turning on the lathe electrode 
graphite. The temperature was measured by a Pt-PtRh themsoconple which 



F%. 2, The variation of the %hmpe of tbr graphitr niih iiirrra»ina r«K»lina ratr (the rale iwrrra*r« 
from top to bottom). 1 nrlrhnl •ampir. Maan. ♦«. 


contacted the bottom of the crucible and %%a* controlled by an optical pyri»- 
meter. 

The alloys with different chemical com|M»^ilions were melted at a tem|ier.i- 
tore of 1300 :i:20 and after a |»eriod of holding them at the same tem|ieratiire. 
were cast into dry conical sand moulds (Fig. I). The com|NMiition of the moulding 
sand was the following J 89®o washed and dressed, filtered sand, with fineness 
No. 6 (system DIN); 6«o refractory lime: water; 1 iiertine. 
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The point of the conical samples — which cooled down at the highest 
rate — generally had a structure with spheroidal graphite (Fig. 2). The cheasieal 
composition of the cast samples varied between the following limits : 3,13 to 
4,12% C, 0,41 to 4,26%Si, 0,30 to 0,32% Mn, 043 to 0,30% P, 0,06 to 0,07"o S. 

OnclusioiM ; 

1. It is possible to produce an untreated and yet nodular cast iron even 
in the case when the material did not surpass in the molten state the temperature 
limit of 1300 ^C. 



Fk 3 Graphite in the form of tpheneal ihelU, cryetalhred into gat-esvitie*. Kxtrarted froni 
caetings by tohition in hydrochloric acid. Magn. x 20. 


2. It is possible to produce an untreated and yet nodular cast iron even 
in the case when its sulphur-content is higher than 0,008®© “ limit, set 
by Adey. 

3. It is not necessary to have a silicon -content in excess of 1 ®o. in order 
to produce spheroidal graphite. 

4. The cooling rate outweighs all else factors in view of the apfrearanre 
of spheroidal graphite. 


3»2 TTbe pt^duction a/* cosl iron leilh graphile spherira/ sheW /orm 

When examining the fractures of the samples, the author found, after 
thorough preparation of the samples of the Mg-treated cast irons, some graphite 
in the form of spherical shells, especially at the edge of the samples (Fig. 3). 
The author suceeded later to produce such graphite in the sha|ie of spherical 

shells by two other methods : 
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a) Cast iron, heated slightly above its liquidus temperature was put 
suddenly under high vacuum ; on this occasion some particles were thrown 
out from the surface of the melt, at very high speed (at least 1 m/sec) (Fig. 4) . 

When dissolving these particles in hydrochloric acid, the residue contained 
graphite in the form of spherical shells (P^ig. 5). 



Fig, 4. Globules thrown out of the melt on the action of vacuum. Magn. X T. 



Fig. 5. Spherical shells of graphite inside the globules iron shown in Kig. 4. (The shells are 
partly covered by a skeleton of silica, formed during dissolution in hydrochloric acid.) Magn. ' 7. 

The specific gravity of these small particles with diameters less than 
0,5— 1,0 mm — was about 1,013 g ccm. This is roiisiderably less than the specific 
gravity of graphite and this gives another proof for the particles being Indlow. 

b) Molten hvpereutectic cast iron was held under vacuum for a consider- 
able time (about 10 hours) in a graphite crucible and then made to solidify 
in the same. The surface of the samples c'ontains many graphite particles in 
the form of sphericuil shells (P’ig. 0). 
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Conclusions : 

1. The graphite crystallized on the inside of ^a.s-r«iTfiV.s ; in the first tuo 
cases this is definitely so and in the third case most probably, 

2, The graphite may crystallize on the inside of gas-cavities. 



b ig* 6. Spherical shells of graphite at the surface of a cast bar of hypereutectic compohition 

and molten in vacuum 



/■ ig. r. Vertical section of a casting with inverse chill. Ktrhed in 10'*,^ H NO,in ahM>hol. < Iriainal *»izc 

:t.3 The pmeiurlinn of ra.ilings with inverse ehill 

Some melt:* have been made in the Tummunn furnace and < o(dcd down 
in the same enieihle, at a < oolinft rate of about 2(t C min. The crnt ible nsed in 
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this experiments was made of sUlimanit, containing some 60% A 1 ^ 03 ; 38% SiO, 

1% Fe,0, and 1% (CaO + FeO). 

The castings showed in each caw; a more or less pronounced inverse chill. 
The section through such a sample is shown on Fig. 7. 

Conclusion : 

The described method results in each case in the production of castings 
with inverse chill. This allows for a more thorough examination of the question. 

3.4 The noise effect during solidification 

During melting experiments mentioned above a characteristic noise 
could be systematically heard at the beginning of solidification. The sound level 
of the same is very low ; it could be heard only in a quiet room. 

Conclusion : 

The noise cannot be produced directly by the solidification process, and 
it must therefore be supposed, that during the crystallization of cast iron there 
occur — at least in some cases — other physical processes too, which may lead 
to this sound effect. 


3.5 The effect of the cooling rate 

When summing up the literature related with the problem of the effect 
of the cooling rate, there were mentioned some important factors, omitted 
in the diagrams of Greine rand Klingenstein. As it is well known, these diagrams 
furnish some information relating to the solidification of cast iron, melted in 
cupola. 

The author tried to show, whether the melting in a crucible was shifting 
the position of the lines of the same diagram. Conical samples were cast in the 
already described manner. The tem|»erature of melting and of casting was 
1300 i20 °C. The material was held in molten condition for about 30 minutes. 
Besides of the conical samples, cylindrical samples were cast too, into |>ermanent 
moulds. 

The hardness was measured along the axis of the cones, employ ing a 
Vickers diamond pyramid indenter, a load of 10 kg. The time for applying the 
load was 30 seconds. Besides of the measurement of the hardness, the structure 
of the samples was determined too. in the plane of the axial section. In the case 
of the cylindrical samples, only the structure was determined in the section 
perpendicular to the axis of the sample. 
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The samples had the following chemical composition : 


0/ c 

% Si 

% Mn 

% P 

'',1 

4,12 

0,41 

0,32 

0,028 


4,08 

1,38 

0,32 

0,033 


3,63 

1,55 

0,33 

0,023 

0,00(» 

3,32 

3,91 

0,32 

0,028 

0,06(t 

3,13 

4,26 

0,30 

0,026 

0,060 


ips were cut for the determination of the chemical composition by drilling 
radially at 3 points of the cone, at different heights. 




Fig. 8. The Btructurr of thr roniral Bamplrn to in the plane of the axial MM tion. : 

I ledeburite -f- spheroidal graphite ; ledehurite ; 3 pearlite * graphite : I ledehurite • pear- 
Jitr 4- graphite ; 3 ledeburite r spheroidal graphite; 6 ledehurite • pearlite - graphite: 

r pearlite ferrite f graphite ; # pearlite » graphite: V ledehurite : ledehurite ♦ pearlite * 

-graphite; II pearlite -- ferrite ^ graphite ; 12 pearlite . graphite: 13 ledehurite IVr- 

nte -r spheroidal graphite : /«# ferrite ♦ graphite; /.T pearlite • graphite: /<> ferrite gra- 
phite; /r ledeburite ^ ferrite ^ spheroidal graphite :/// ferrite * graphite; /V prarlite gra- 

phite ; 20 ferrite graphite ; 21 ferrite i graphite ; 22 pearlite la>er on the ^iirfair of the 

eoiiieal -ample 

The results of the investigation of micros! rurt ore arc shown on Tig. H. 

The microstructure of the cylindrical sample, cast from I lie material I 
LI 3 is shown on Fig. 9. 
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Conclusions : 

1. Tlie results of these experiments^ do not make po88ible to const rmt 
a diagram like the one made by Greiner and Klingenstein. 

2. The appearance of ferrite is not a direct function of the cooling rate. 
This is especially true for the case of the conical sample cast from the material 
Ll 4 . That part of the sample which cooled most rapidly, had a structure of 
ledeburite + ferrite graphite, while going further along the axis of the sample 
toward that part, which cooled more slowly, there follows without any transition 
ferrite + graphite. Pearlite appeared only thereafter. The variation of the 
structure along the radius of the sample is even more interesting. The edge 
of the sample — in a thickness of about 50—100 fi — is pearlitic. Immediately 
after this, we find a ferritic layer — of about 1 mm thickness — which is super- 



Fig. 9, The structure of the cylindrical sample LI 3 in the plane perpendicular to its axis. L^tnd : 
A ledeburite + ipheroidal graphite ; B pearlite ^ ferrite graphite ; C ledeburite -f pear> 

lite ^ graphite 


seded by pearlite + graphite. Finally in the neighbourhood of the axis, which 
portion cooled most slowly, there appears again the ferritic structure (Fig. 8). 

3. The apparition of cement ite is not a direct function of the cooling rate. 
This is especially true in the case of the structure of the cylindrical sample, 
cast from material Ll^. The outer part of the rod, which cooled most rapidly, 
was ledeburitic, but the zone around the axis, which cooled most slowly, had 
a white structure too (Fig. 8). 

4. The diagram made by Greinkk and Kunobnstein can be regarded 
only as a simple tool, giving general information, which is valid only under 
certain conditions. It does not refer to every part of the casting, for instance 
to the outest case, but only to the structure of the bulk of the casting. It does 
not represent either truly the variation of the structure of cast iron, cooled 
very rapidly. 

5. It follows from all that has been said, that the cooling rate has onlv 
an indirect effect on the crystallization of cast iron. 
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1. The shape of the extracted hypereutectic graphite flakes in generally 
a circular plate or the like. 

2. Hm extracted hypereutectic graphite flakes consist generally of two 
parallel plates which can ^ separated very easily. The line parting these two 
plates is discernible already at a magnification of about SOO, provided the 
metallographic specimen is prepared with great care. 



Fit. II. Tbe partition line in the center of a hypereutectic flake graphite. Unetcbed »ample. 

^ Magn. x300. 

3. Based on the material already discussed it may be menltoned again^ that 
beoidoM oftko3 already known shapes of the graphite ( flake^ quasi^flake or compacted 
mid sphere) there exists also a fourth one, that of a spherical shell. 

3.7 The study of the structure of the surface of graphite of sphertcal shell form 

As the first step only graphite extracted from cast iron, treated with Mg 
was studied. 

The extraction was made by the same method as described in 3.6. The 
investigation was made with the help of a binocular microscope, while the 
photomacrograph was made with the help of a collapsible photographic apparatus. 

The photo-macrograph is to be seen on Fig. 12. The surface is full of 
wrinkles. 


Conclusion : 

On the surface of graphite extracted from cast iron, treated with Mg« 
runs a characteristic circular or spiral pattern. 
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V/ 


n:i 


;t.}f Ht/trriiHfitls i» ihf rfffft ®/ dfgasfunf, 

n... |.arl «! ih.- .•x,..rimrnt.-. herein .Jesoribe.! (ninre than id 

nn h,) ua, .on.ln.le.l in ..r.ler •» ele.r the effect of the removal o( fta>cs. 

Mellinu wa-. .lone in a Taniniann furnace, in Mlbnianite cruc.be^. » 
rcnoxal .4 the ^a-e. trie.l b> .ucti..n. This was .lone with the help ..fa 

ro.ars .....np of l,a III*, ma.le b> BaUers*. The press,. re v.as measure.l w.th 
...ercurv .nanometer, haNin>> a s.ale with .livisions .4 one mm. B> this way 
^..^.a,i.... in the pressure .4 abont O.-'i m... coul.l be .let.cte.l, or estimated. 





■mttrrn on ihr jturfm-f of a graphilr 
from a raj^ting, Irralfd nith 


in ihr form of sphrrical 
Mg. Magn. 12. 


shell, taken 


'fhe re.n.,x«l ..f ..xvKen .-..ul.l n..t be acc.mplishc.l in the desired measure 
>„th the help .4 the given apparatus. The attained vacuum was never greater 

than 10 •* aim. , . , 

The samples melted un.ler vacuum had a graphite, .-orrespomling to 

\K4-\STM Tv|k- I>. . . f 

Hase.1 »p.m the material .liscusse.l up to now, it is alrea.ly out of .pies, ion, 
that .legassing exerts some effect on the crystallization It seems therefore 
reas..nable to .-ontinue the ex|»eriments f.ir the removal of gases, suppose, 
that a more perfect metho.l c.ml.l be foun.l f.ir this purpose. 

The accomplishment .4 the task set was not possible. 

3.9 Kxixriments to sUuls ihe effect of some fuses 

Several ex,H.riments were tri.-.l to . b ar up the effect of some gases. The 
,...,es .ntro.lu.e.1 into the furna.e were pnrilied. .-oiulucting the same through 
eopper-turnings, held at a te,..,K-raturc of l.tKI C, silica-gel. pot ass.u.n-hy, lrox.de, 
(.hosphoric a..hy.lri.le an.l velb.w pbo-pboru^. Bubbling through the melt was 


I r< htIM-a 
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with the hi*l|» of a xillimanilr tiihe, the end of which reached to 
the iMittom of the melt. 

Neither of the»e ex|>erimente can be re^urdeil uh reliable, < hicny hecuii>e 
the iiitrodiiclion of the Haid nawo wan not |>rrceileil by a Nuflicient removul 
ol the othe' ganen (nee Section 3.8). The coiitruilictiuiiH with respect t«» this 
«|ue>tioii which are to be met in the literature cun he trace<l back to this pouit. 

There is however a single ex|>eriment which shoiihl be mentioned. The 
fraiture ol a metal, through which hydrogen was bubbled for over 10 minutes 
and the chemical com|Misition of which was : C, 0,21 "o Si, 0,30",, Mn, 



Fig- 13. Fracture of cast iron, treated with hydrogen. > 

0.Ml"o P and 0,064% S (analysed after the treatment), can be seen in Fig. I.'l 
It is very interesting that the surface of the sample, which had the most intiniai.- 
ctmtact with hydrogen, is grey, whereas the core, which was in the least contact 
with hydrogen, is white. It is of course impossible to draw far-reaching con- 
clusions from a single experiment. But it is also out of question that the gases 
exert some effect on the crystallization uinl it would be therefore very reason- 
able to continue the investigation of the said problem. 

The solution of the task set was not attained. 

4. A hypotheoia for the explanation of the erystaOisatioa of graphite 

in caMt irofiM 

1./ The exisience of some internal surfaces"^ 

>4 hen reviewing the literature, attention was drawn on the contradiction 
between the structure of the graphite flakes and the supposed mechanism of 
their lormation. The enrichment of the erv -tallites of the graphite, as in the 
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IIN I to I \l n/ \ I UIN t.KAPHITt: i AST IHt»> 


llTv 


..t ihr ll-kr Kru|.hil^ or tl.r ^|.h,‘roia«l paphite, make^ n.-.^s.ary 

1 1.. .M-w iH r ol M.mr »urlu*.*N hIiu Ii arraiiK® and collect the newly formed 

ur.ii.liiie III The |)uralleliMii of the cry»tallite« of the flake uraji ite 

. ..old he exidaiiieal hv «.me held of maj-netic force* a* well, but this suppoMtioii 
I. Ill ..or . a»e out of .l«e*Uoi.. If we M.ppo*e. however, that the arrangemeo. 

OI..I perhapn the formation a* viell of the crystallite* take* place on some 

.lelinite-orfuce., the explanation isquite obvious. 

riiere are numerous observations, which support the view that sue sur- 

1.. . realiv exist in the solidifving melt ami the crystallisation of the graphite 

inwards into some gas-cav ities an.l this is done in.lependently, whether 

ill*- n-ull fluWp ^ru|»hile i>r npherohlal ^rraphile, 

!^hall iiolf j*onn* of thpsr \ utioiis. 


Ihe .urfa.e ..I K.pereu,e.-,i.- 

,,l il.. ||.|.II|I .0.11, .••a.le up l.> M« •>“" ' . . ' ll..- I.i.t ll..- 

p rs’.“re O r.■r...s an . nlir. lv ,rr.a..- 

..f llie l..am because ..I vunatiuii iii the J* . j Kl.,b..l, s wl.i, li ucr.- 

a,, the aulhn, .u..ee.|.-.l ... trace ... be ‘ sur a.c nl .In- flake. 



...sit M.lr. I.ut lilt- plmloii.irrogniph^ ur** pmM... // [■ /.i... „rii.inr% auslri.itf I bis lat. r 

.ii|»|Miwit utti that ill** llak»* uruplulf t»rint < i* vti ll kiiovMi, lluit the tfra- 

:.:rwbco: pmu-ot .C..!.;:.c:.:r ■o-.u.e . a-lv pcr. ep..b.c a.,., t...- ar«p..i.c . arrange 

r.-uar.l... a- a n r an.l into san.l moulds. Hot 

. \|.. r.....'nl' !■' l a.lina ll.c 'an... nia .r... I ^ ^ tin- sal. .rat i.oi factor was 

‘r:"',:::""..."".:..', i:: .""moio : u.- 'i-ig.' > > sh^w. ....... u.... .. wa, .as. i.,.., ....• 

I 1 I .1.. -....pn . 1 ... . .. ...nerature ats.vc KOU .. then slowly .onle.l 

I" " ' I '“"o V Tin- enl. w..- a f. rri.ic s.ru.n.rc. l$...l. n.a.cr.als were l.ighly 



. . pi iiti.ti \ . 11 1 '•I** lilt**. 

Ml graphite or a. leaM a por.i.o. of it is th.is built op by the 

,|,,.oM..o ..1 carl through the s.,|i.| -..loti..... The ...ntr.dl.ng lac.or of the 
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growth of the cryntal however, in nuch circumhtanoes — a» already nhown 
by Bunin [15] — the rate of formation of vacant place?*. The cry>*talli/anoii 
of graphite can take place only at tho«e places which were cleared hv the mm 
atoms. The formation of vacant sites requires however the self-d illusion ol 
iron atoms, which is a very slow process. It can be hardly imagined, that in the 
few seconds disposable during solidification, cavities of the requireii dimensions 
could be formed [29]. 

But there is more probably no need for the formation of vacant sites by 
such a self-diffusion. The cavities arc already present at the outset ol the crystal- 
lization of graphite, in the form of gas-bubbles, on the inside of the austenite 



Fig. 14. Ferritic cast iron. Taken from Kef. [iHj 


dendrites, or better to say - as we shall see it later on the ^nside of special 
austenitic formations, crusts. This is the reason of their random distribution. 
The crystallization of the graphite thus begins on the walls of these gas- 
bubbles. Under favourable conditions the cavities get entirely or almost entirely 
fiUed up by graphite. There is time, however, usually onl) for the formation 
of a thin spherical shell, which is ruined during the further crystallization and 
changes its shape. In the first case there is formation of spheroidal graphite 

and in the second case that of flake graphite. 

There is therefore only a single fundamental condition for the formation 
of graphite ; the presence of gas-bubbles or cavities during crystallization. 

4.2 The presence of ga$ bubbles in liquid iron and their dimensions 

Are there really in the melt such supposed gas-bubbles? 

Gray cast iron usually contains about < 12 by volume of graphite. 

According to the afore-said, it is necessary to have during crystallization in 


Approved For Release 2009/07/24 : CIA-RDP80T00246A002900290001-8 



Approved For Release 2009/07/24 : CIA-RDP80T00246A002900290001-8 


IIU n( N ' I \ ! I I/ \ Ml *N (.KM'MMI f\ i \'l 


1 : 


llir of ^rapliilr r\a«tl\ I lir -ana* ijiiaiililv *>\ 'ja . im ila • .-< 

nl llakr «j;ra |»liil r. Iiawrxrr. r4>ti''i<l(*ra[»l\ mnir. altoiit It.m- 

'I lir tlftt'l'Mlinal ion ot llir t;a^-roMlriil i» liaialK rrlialtitv it iiia\ l*< 
ii«‘\ rrl a4‘<'t'|»t<Ml. thal ^r<‘\ ra-l iron aluax" ((ml iiii' i * 

aiulard trm o\\ tirii |mt ^raiii. no! to -[mmIv oI t Im- ol Ihm . I In * i joanl il \ 

i'- a inulli|»lr ot tin* «|nanlil\ in'<‘4lt*il. 

rin* Inriln'r ar<‘ «-ontiin*<l to lln* ^v-lrni I r t t>. It lia to l»« 

n-in.irkrd llial tin* ollirr roin-t it n I iona 1 «‘!rnn*Mt-* wliirli an* |n»-rtit 

ran"** oiiIn a qnan I it at i\ t* rlian;;r am) <lo m»t rlKini:r tin* <liai.i<li“i o| l In 
|»ror«*^>. 

Ow^rn i> |^r^*-«‘nt in inoltnn iion in tin* toiin o! I i t t. ( li:i‘ 'o|ulMlll^ 
of ^a>ron> ox% ainl rarlnm nioiio\i<l(* ran inoir proKaliK In lir-lritr-l 

'rin* ^olnlnlitN of KrO <)iinini>ln‘^. Iiourxrr. >troM;:l\ u Ui' t t-ii in t loll i>t I It 
tnin|n*rat nri*. SttlitI ra^t iron rt»ntain- | natt iralK no ili~o»|\<il T rU hiutm 
rttttliiin tlttwi; tln*ri‘ ri*''nh> lln“rrhiif 'o<nn*r or latt'r a -mn i ^al i; i . ! nm oi tin 
iin‘ll with ri*>|M*rt 1«> l*i*0. ami tin* lattt*r In'^iii" to coa^nlalt*. 1 Iti- tm aii' in.' 
at >oiin* |irrfrrml |»lar«*^ ot tin* inrlt tin* rt*ar!ioii 


I »‘t t 


i 


I 


( <1 


loo^i*- tin* mpiilibrintn it tlitm* na- aiiN ami l aibot n nmiM.li In jin 
to tor in. 

'I'ln* in*\xl\ loriin‘il ‘za^ron- i .( I -iirronml- tin* I rt t-|*a 1 1 n 1 . 1 In liiir, 

rannot r^rajM* trom tin* na>-l)nl)|t|r lH*ran-<* lor tin* rto>-ni_: o! i in -ml i- o' 
tin* "aim* it xxonM In* in*ri*>>ar\ to liaxt* .n rninnlatrtl \«‘:v mot It rm i-x . I Ini' 
tin* rVt ) 4iml tin* oa^-l>nbl^l<‘'- an* -louK ri-iii;: to^riln*! in tin iirl» It all tl.- 
tnilibU*- i tnilil n‘a< li tin* -nrlarr ot tin* mrit amt all I «*n \mo .!.1 Im- rano .l n: 
tin* -lau. llii^ uonlil im-an tin* (•oin|>It*l t* mnoxal ol -a^t*-. I In* alM*..*l\ im i • 
tioin'il o\\;:rn <lrt«*riniii.it ion- |no\r. In»ur\t*r. llial ‘In* -l.•ol [ManMl \n 1 h.i 
rlap-r- until tin* loinplrti* -olitlil ira! lon ot tin* mill, i tai tnin Im n j *11011-1 
lor tin* n‘inoxal ol all ;:a--l>iil)Mr-. 

^ It i- \i*rN inlrrr-linjz to -lml\ fti>m tin- \ irn tin* ijih*-tniit ot th** lottn. 
tion of tin* >o-raII<*il ’’iiiMT-i* rliill . It loniplrtr it*im*\al ol li t* -a -lml»!*l* 
roiiM Im* n*a<ln‘iL tin* ra>tin;:- woiiM i r\ -I .illi/t* «*ntin“l\ uliilr. t-\t-n oi -l**^' 

rtMilin;;. jn-t hrran-t* tln*n* arr no -a-oax i I i*--. 1 lii- *111. Iio\m'\*i. I m* 11 \ 

Im* n**ili/i*il nmlt*r prarliral rtnnl il i«Mi- . In tin* inm*i p.irl *»1 tin tai n- lln*ii 
i- rnnoxal ol t In* fia-r- lix llolalion. Iml tin* oxitlr ailln-tiM- 1 *' N' "! 

lilt* rrmibli* or lloalin^ lo tin* -uilan* ot tin* im*lt .u** |»MMlin in- n in n t «'i mi | lb 

m*xs Iniblilr-. I'ln* rnrtal i- -oliil ilx in;j in tlii- ra-r on tin* m.iMtl. **! tin* * in.. 

x\illi am! on tin* in-iilr ol tin* -arm- witli xxliil** ha. lii" I In aniln*! -n 

m-ilril to jinMlm-r in tin* rour-r ot hi- r\|M*i inn*nl - (a-iiML:' ''«tli n x*i-n < li*ll 
at a rooliiiii rati* ol ahoiil litt I. inni ('i**- I ij^. «). 
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IIH IK \\ 

If mH thal huK been tobi, i> rorrerl then there exi>t> the |M»'*>ihiIil > 
4 oiii|iuting the a|>|irnxiinulive the bul»ble>. With j;iveM ^jKiee of linn* 

lietneen the be^’innin^ an«i the emi «»l the hatimu ^i\en Ijei^lit ol tlie 

li 4 |iihl column, viHcoKity of the molten 4‘ii>t inm an<l >peeifi( \\4‘i|:lil ot tht‘ 
^aiiie, the radius of the bubble «an l>e <'nin|»ute4l wixU the help nl iIh* Stokr-- 
e4|uution. 

For the j'iv'en set ol eoiulilimis, the ra4liu> t)l tin* bubble, tj aiiiouni- in 
37/4 and the mean length of the flake-, / amiuint- tt» 1%/i. (W e maile tin* -upp*.- 
sition that the spherical shell flattens into a thin rirenlar plate. Thoiigli ihi- 
assumption is not <piite <’orre4‘t, in tin* gi\4*n < a-<‘ it ina\ In* at‘<‘e|iti‘tl.) I he 
real length of the flake graphite in the gr»‘\ part id our *‘xpeniin‘ntal ea-l iron 
amounts to llO/i. The a(‘eoril is suit ii'iiuit . 

4.3 The process of crystallization 

When moderately eoideil, east iron al\%a\- r<»ntain- >ome ga>-biil>ble-. 
Too fast cooling may result in the F«‘0 remaining in -olulioii : in thi- < a-t* 
there is no ilevelopment* of gases ami tin- -oliilil n al imi le-ult- in a graphite- 
free lasting. 

Supposed we have an alloy of liypereiiteel ie eom eii 1 1 at ion. the soli- 
dification begins with the formation of priinar\ aii-ti nite ery>taU. I liesr 
rrystalli/e on the surface of the gas-biibbles. Hedm tioii of the I e( ) i- an 
endothermio reaction, and the eoolot point^ of the liipiid are tlierefore on the 
surface of the bubbles. 

The bubbles get an envelope id a solid >liell of au-lenile. In the mas- 
of this shell there is a considerable diffusion ol tlie carbon tccward- the* in-nh 
of the sphere, from the moment of the formation cd the -In ll onward. I lii^ 
question shall be discussed a little later. The carbon atcun- imu reach tlie 
inside of the shell and the continuation of llie rc clm ticm cd the Fed) i- thnebN 
secured. 

Some exiK-rinu'iUf^ carrM-<l out mak.- it |uol.ahlr that llu- r.-.lu. lioii ..I 
the FeO r«‘siilts in a very hi{:h aiul lli.' 'pli.iiral 'lull l>nr>l'. 

In Figs 4 and 5 were shown some parlirl." wliirli were llirown out ol 
the melt on the action of vacuum. The vclocilx ol the -aid parlulc- wa- in 
the moment of their exit at least 1 m >cc. The ciicrgv lhc<c |..irtich- in . ded 
for crossing the surface of the melt and getting ac clcratcd in a liigliK \i-co. - 
li<|uid. could not be acquired by any other iiicaii' than the liurslmo ol one 
or more nearby austenite shells. 

The observation of noise during the solidil i« at ion ot cast iron incnlioncd 
ill Section 3.4 - also supports the existence of the bursting mei hanisin. 

The burst austenite shells and graphite particle' are fro/.eii in the melt. 
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UN IHK ( I l/\ I lUN ut I.H\nilll. IN I \^r Il'» 

W hat i> ha|»|MMiiii^ to tiu* mns ^as-lm!>l)Ii*s turiiKMl in ron'*«Mjin iM < ut 
Imr'liii^y riM*ir |>n*>Mirr i> not liirtloT iiirrt‘as<Ml (or Jark of I rO l ut 
on thr rontrarv is mliirtMl uith nMlintion of t hr trinju^rat urr, ainl lli«\ j^rt 
'•uniirr or latrr flat tiMOMl, aftrr liaNinu ii'rt‘i\<Ml a ^raphilr ^hrll, ^^ili^fl < r\ 
talli/.r<l on tln‘ir Mirfarr. 



l / ». » ii-l ir«»ti. I .ikni frotn K» t. 



What i- hai.ixMiing to tli.- ”a- iti-i.h- ih.- hiil.hl. ^ V It r. iiiaiii- hh.i.- |.i..h- 
ill ihf <•l•llt<•^ of the firaiiliilc I hike anil loriii> tliric a thin (lifelike <-,ini|\. 
Thi' .an he nlatcil with tin- oa-N 'I'lillint: of th.' <;ia|.hin- H ike-, al. -oly 

4li.i-ii»<'il ill So.lioii 3.6. Width of llo’ liiu' whitli (an he hi 

of a (.-rai.liil*- flaki- is < orr«-s|>oii.liii;; to the calriilal cil h( if;ht ol I In ( l.it t. ii. d 
".I'-cavit y (s«*«* ••'i);. 11). 
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I K \ 

'IlH'ro is a |iaition liip l<. I»f >.•.■11 in tin- dircil i..n of llic inaini a\i' I'l 

III,* s.Tiinii ..fan ellipsoidal H. Tsi . iiiki i< T. Kisxkvxv v 

and T. Oki-MOTO [:«>] (I'i}:. H») 


4. 1 Thv mnilr of fiiriiKilion of sphi roiiUil fintphitv 

After all that lias l>.‘en said, llie iieees-ar) coiidilions lor llie loriiialioii 
of spheroidal "raphile «-iii he foriiiulaled ver\ easil\. It i' only lo-.e— .ir\. 
that the oas-hohhies formed dtiriiif; the soli.lil it at ion t:. ! eiilin l\ Idletl up l>\ 
graphite. 

This s,-einin;'l> simple eondition in\ol\fs however iiianv pnddeiii'. 

The first prohlem immediately arises as we revert the tt.inlitioii : il noire 
•las-hnhhies are formed than what tan he filleil up eiilirelv with the di-po ahle 
oraphite vvliieh is 7 12 hy volume we ”el some Hake L'raphite ami 

if there are less hiihhles. some eemenlile will he It 1 to". 

The seeonti relatetl prtd.lem : il i' not imlillerenl til what -i/.e lli.'i 
hiihhles are. If the nee.-ssaiy ainonnl o( itases i- disiriholitl in the lorm ol 
laree hiihhles. the oraphile will not fill up ihes,. . avilies I ..1 I o k ol lime 
a.i.'i h, -shies of the flail, -m-d out spherieal shells there will he some isolal. .1 
.emenlile loo. The t.rieinal stipulali.-u must therefore he mo.litie.l in the 

foll.iwitif; manner: the m.-ll shouhl eonlain "as iu an ui 7 12 In 

v.d.ime. ami the fias-hiihl.h-s should he s„u,ll. their ra.lii shouhl not su,,,,.. 
III Kill/.. (The latter eomliliou is seeminelv not lo,> rie.irou-. hut 111 le, I 
,as,-s the allovvahle size of the huhhh-s i. foitl:,. liu.ile.l hv the .....line rate 
as well. In the , ase of slow, -r eoolire en a"‘' hold les niav he fill. .! up a- well.) 

It ’is a.-m-rally aeeepletl. and in ihi- paper il has h, eu .li-.aisM-d loo. th. 1 

a , as| iron vvliieh is snilahh .lefiassetl ami t .mle-l -I'-wu at a . ..rrespomliue 
rate, mav eryslallize with spheroi.lal eraphite 12 ;?. :?<>. iill. I he eomliliou- 
lo he met. in or.ler to attain this |,,irpo-e are. however, so n-.u.. its. that ih. v 

.-annot he fiilfilletl under praelital e.imliiit.us of imiusiri.d pi.olmt 

The possihililies of iminst ritil pnolm lit-r. "f uo, hilar test iron wer,- liis| 
s,,uie.l hy the diseov,-ry .d- M.iUKh.ii ami W l.l I V vis | :$2 1 . w ho fo.iml I hat 
treatment with .-eriiim n-sidls iu < asl iioii with spheronl.il "i.iphil, . nil it i 
r,-s,-areh ,l,-l.-el,d nia.iy .-lemenls whieh exert a similar eff.-t 1 on the ervs|.,|- 

lization 

The .•ommoii properlv of all ih.- soil;, hie iioiliilari/itiL- ui..l,ri;ds 1 .1 
thoroi.eh .l,-eassina aetion. A stiilahle amount .if I h.-s.- m.dulan/iue ;ohlitious 
mav result in a < orres|,ondiii}: level <d the ea--, ,inl< ul . 

A fnriher aetion of the nod.ilarizine a.hlilions is that .m ih. sorl.oe 
tension of the melt. Holh a.-lions effeet a , ..rrespoudino variaimn in the s,ze 
of the eas-hnhhies. A the aa-eoul.ul .a.i-es umloi.l the 
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ON TIIK I M\ST\I l.l/\llnN OHVIMIlIt IN < \'l lltt N' l_l 

rtMliirlioi) of the size of the ^us-biihble. Tlie iin of tin* •‘Ori.o i* hn-ini 

causes a similar effect. In uccortlance willi llie^e roiolilion- Making i k ami 
bis coworker [11] fouiul — as alreatly <nscus>e(l upon a trealnooit with 
Mj' an increase of about .aO of the surface tension of thi^ melt. 

The mode of formation of splieroidal graphite is more probabK a moi»* 
complex problem than that already outlined. It i^ readiK ronc«>i\ able, for 
instance.^ that in this case we have t4i face not earbctn monoxide, f>ut hoiio^ 
other j»as. It is a very interesting obsc^rvation that a fresh frac ture of noclula: 
cast iron develops upon the action of the moisture c ontent cd the* air >ome ga-. 
It is therefore possible that fcdlc»wing this trac k - we may find out in tino- 
much more about the mode of formation cd' the ^phenddal gr.tpliitc*. In tlo* 
meanwhile, there is no reason for further reasoning because* thc'rc* arc* loo few 
actual observations, objective data. 

Just the same must be said about tlic* cpic‘>tion of the* graphit i/a t lot* <d 
white cast iron. It may be supposed that the* Fed) which wa> n laiioMl in -nli - 
tion, in consecpience of fast cooling, gc*ts c‘oagulatc*d whc*n ht*atcMl and dc velnp- 
gases. The graphite crystallizc's into thc'-e gc*nc*rally irrc^gular, c‘lu'-tc*red cavitic'. 
It is w<»rth while to mention in this c*nnnec’tion that the rc'diK ticui cd Fc‘( f witli 
c'arbon can be accomplished only a i«*mpc‘rat ure> above 72.“) F. \MMc*aiini: 
at tem|>eratiires lower than this, has therc*fore no graphitizing acticui. 1’hi- 
is in aecordanec with practic*al findings, bc*cause the* lowt*st pc>«»-ihh* tc'inpc r..- 
ture cd' tempering, corresponding lc» a cyc le cd / i- ahemt TOO f . Tin* 

supposition that in the ease cd spheroidal graphite* not or not oidv tin* 
FeO- c«»ntent is associated with the development cd ga>c*'-. i*' ru.ide prcd>ahli' 
among others bv the fact that tin* graphitizat ion cd a w hitc* f Vac t ured allhouuli 
Mg“trealed ' east iron <‘an he aec‘c»mplishc*cl at a temperature miic )i lowc*/ 
than the above mentioned, i. e. at >00 .l.lO F [37 1. 

It is therefore premature and not suffic ient l\ ac counted feer to di-c U'> 
in detail the effeet of the diffc*rent alloying c*lemc*nt-. It i-. hc»\vc“vc*r. \c*r> 
probable that thev alter mainlv the* gas-content and surface* t<‘n^icMi> cd the 
melt, as well as the conditions for diffusion, and hc*rehv e\c‘it lhc*ir ac tioi 
on the crystallization of graphite*. 

•/..> The mechanism of rrystalll zation nj f'raphite into the rantu s 

A further cpiestioii to be diseus>c*cl i> a prcchh'in which cati he* followc*- 
verv diffic-ultiv by cxperifiic*iits. i. c*. how the* graphite cr\ -t al!i/c ' into tin 
gas-cavities? 

After the formation of a graphite* crust of iimilc*cl ihickuc*--. fm lu! 
growth must proc*eed through the* >ai»ic*. It i^. howc*\c*r. Iiardiv c‘oucc‘i\ ahlr 
that the carbon penetratc*s thi> graphite* layc*r cd e\c*r iiu rc*a‘‘ing thic kuc*-- 
by selfdiffiision. The time available* i- ^upposedlv too -heut. 
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I k 

Tho |»os.**ibility of siirh a i>. Iiowrvrr, more than a mt^re 

The aiith<»r produced s»'\cral miero|dioto^ra|)h> ol graphite in the 
loriii of spherical shells, ha> in^ a mieroM opii al walht hirktM‘>>. 

riie next few - alreaily di>‘eii^>ed cd>>er\ at ion> in. ike it aUo proh.ihle, 
that the graphite grows from the oiit>ide inward>. 

The hy|»ereiiteclie graphite flakes liave gioierally the torm ot eirenlar 
plates or the like (see Fig. 10). This eannot lie aeeonntiMl for On a ••rounding 
olT’ effect of the surface tension. 1'liis aetion wonhl preMoit first ol all the 
formation of the flakes of large spec ifie surfaie. 



i i*f. 17 . Spheroidal graphite. Ktehed h\ the r.ilhodie Nacuiini rt« liifij: rnrihod. ( I'iiolniiiirru- 
^raph taken with eleetnm ini* m^-rope.) I ak* ii lt*>ni lt*(. j Wi| 

The flattening out of an originall\ spheric al shtdl into .i c irc iilar plate* 
i- a mneh more ac'eeptalile explanat ieni, I'ln* partition line of the Iwci halve- 
eaii he made visible, as already <lis<n--ed. I'ln* n^lativelv e‘a-\ -plitiing e»i tin- 
li\ pertMitee-tie flakes into two parallel plate-- vva- ine-nt ione-el loe>. 

n. Tst ( HIKt’KA and his eoweirkers inaele- photennie rograph- eil senne- 
re‘gnlailv shaped spheroidal graphite partiele- a- well (I'lg. IT). 1'lie -eetie*nal 
plane passes in this ease me»re or h--- e*\ae tlv ihrenigh the- <e !ite*r ed the* sphe-*'e-. 
It t ail he se*eii that the* eemtonr line - paralle-l tei tfn- hasal plane* are at the heirele i 
ed the* se*eliim liieire* regidar, ami in the- miehlle* e>l the* -i*elieni alme»-t e*nl‘ie‘l\ 
irre*gular. rhis pre)\e*s again a greiwth trenn enilsieh* inwareis. 

How this er\ stallizatiem intei the eavitv i- yet itiaele* po--ilde*.‘' 

On llie snrfae-e eif ii graphite* in tin* fenin ed a -plie'rie al -ln*ll- e xir.n te d 
frenn a melt treateel with Mg. the*re* i- a patte*rn whie h is -iniilar tei tlial lenmel 
hv H. Hi < KI.K [33j when elepeisiting /itn* on a eandeel plate-. It is m \ e‘rt In-le-s 
harellv e-eme'e*i vahle that graphite* lenin- from tin* gase-ous ph.i-e*. In tin* vedume 
oe‘e‘iipie*el hv earhem memoxiele* there* i- earlnni in a eniiee'iit rat ion vvliieh i- -e*ve‘ral 
ihonsanei limes le*ss than nee-essarv. 
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nil. 4 in^l \l 1 , 1 / \ HON OK 4.M I IN I \^| I IKIN'. 




\ \iv of ^roMin- by fu.sioii i aiinot Im‘ r \4 IikUmI inn. 

Ibis raM‘ will be iliseii>.>eii somewhiU later. There i> another nt ihr 

earbon ati>iiis entering: at S4»ine preferreil points tln^ siirfa**- nl iln* 4 a\iiN .m.l 
^rowiii^ laterally on to the alreaily I'xislin*; ;;roii[»inj:s. It ina\ In* -lipjmn.l 
to.» that the earbon atoms, ^hiftinn ihe alreaily erx^alli/iMl laNer^ tnu.n.l 
the eeiilre ol the eavily, are iorrnin^ iu \x layers ami ! Ii<‘ prin i-- n jM-af- il-oll. 

This ipiestion has to be ibn'iihnl b\ iurtln'r <'\[M‘rinnMil^ . 

The last ipiestion to be 4lis4 n>-^e,| il.at wlieiln r then* - am prim ip.i! 
eontradielioii in supposinjr the <linu>inri oi' .he taibon louanl tln^ eavilit-. 

Ihis ilifliision eannot 1m‘ eonlrollt'il by <‘om*(Mit rat ion m- Imipf'ra- 

tiin‘ ^ra<lienls. The only eoneeivable ilrixiii^ lori ol the d illusion a 
-tres>.j;ra4lient. We may vUoosv for a mo.hd in .mr ease a I liii k-u a Neil spheric al 
'hell iiniforinly lompresseil on the oniHde ami the inside. I'ln- lan-.iitial 
'tresses set up in the outer part ofihe 'hell are 4 ompre"i\e ^ and iIiom 

in the inner part are tensile stress.- |:U|. 

The elTeet oi st re's-frrailients on ilillusitui was liimlaimni all\ inxr i. 
Jialeil by KoNoitK.I KVSK V |3:>| at lea'I ^p.alil a! ix el> . Ae^ ordin- m hi' l .ndin^ - 
^lilliision is alwavs ilinu'teil Ironi the < oiiiprt‘"tMl \oluim* lowaial the e\iemled 
oiu^. T his i' exai'tlx tin* eondition lor lht‘ disi iissed pr<d>hon he< aii'r h\ ir<lin in:.! 
lilt* ln‘e *:as-\o|unn‘ th«‘ internal ^a'-pn*'snn‘ beeonu's r and Liie.iin 

ami as a result, the tiuisile stri*ss in iht‘ inm*r wall ^low' ton. I hat i' tin 
niM-es'.ary tomlition hir the p^issibililx .d tin' sellMlil. O'inn nl -ra|diit 4 . 

Ihis also ^d\es an answer to tin* <pi;"ii4m a' h» wh\ there are emoiintnrd 
xerv lew lar^o* 4a\ili4*s in tin* e«*ntrenl tin* 'pln*roidal -raphile'. alllioinjh 
a4-eor<liii^r fn the al'ore-said lln*n* alwa\' nnisl ntnain 'onn Miid! riMiv 
Ihis i> ill., •.paee lor the hij:hl\ eompr«*"e4l ^msi". 

rin* umh*rstandiii^ ol the proee" in 4pn*stion would he tn ater. it lin n 

'w*re an answer t<» the pnd>h*rn as to tin* role «d' the 'idp'!an,e ol tin* -,i'e^. 

I In* experinM*nls (*arried out up t4» now ^i\t* no r<*a"nrin«: ati'W.*!* thi- pinh- 
lem. It is nexerthele.'s W4»rlh ineni imiini: n*inemlM*rin;^ the e\[ierinn*nl - 

4li'4*iisse«l in S4*elion 3/1 that h\droo..|i whieh i' ii'UalK (pialilied .i' exfttiiiL; 
.1 'trmij^ elleet t<i\vard a whiti* Ira» lnr4*. 'i*4‘ms to suppot l lii .iph it i/al ion, l lu 
rea'on lor this s..(.iii|nu jonl ra4li<t ion more prohaldv the :ir-lr(t of tin 
rerno\al ol otln*r jias4*s <*spe<*iall\ lli4* 4»\\^i*n whih* (*\.i niinini: the rtte< t 
ol h\ilro^<*n. As hui*: as there is o\\j.n*n in the nn*lt tin* treat tin t wdh h\dro 
;;en iimloubteilly iliininishes tin* auiteiit ^d’ tin* melt and hen h\ . \ri i 

.1 whit<*nin^ elTeet. 

As aIrt*aiK in<*nt ioneil. the 4*\p4*rinn‘n I ' earried out np to i nw. d not 
allow b>r a delinit<* <h‘4’ision td tin* prohh*m. tlnm^h it 'eeiii' that tin* 'ul* iini* 
td tin* ^a'es rnak<‘s m» dilb*n‘m‘<* ,i' to the rinnh* ^d i/rapliit i/.il noi 
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ON I m ^l<^ Ml I / \ NON <.|{ M’ll! I I IN 4 \ - I IKmN^ IJ . 

I hr I) . I'ltl hroi^. I; ii] ilnUM in ihi- |iajMr. liia\ -upiriit IhiiIhi 'rtriil.ln i*-. .n li 
nil tin- il wnihl hr r\p<‘4lirn( lo (in'll iii/r -\ -I r iiial n .il i v jir ninr i: I ~ lot llir 'itltilnni o| jt.nti- 
( itlar pr ilih'Mi- (li t In i injii-l r \ . ! t wniihl 1m' iircr--arN , In i \ m*n i i . .it t lir -.inn i iim | . pi . . \ t . t to 
(ii-pru«r ili(‘ a--iiiiipt ion- rviatrd \\ilh t hr -ani :i\ pot lir-i-. 

() I I.UKhMlIIll A li 

Kan,; i.mi im^ k II M'llI \M 

i‘l AlOMI 

CiMioflMloU'i InOI opMWM lipn.' K', U -IM I.lL I. IK' 11. Ul 1 1 .M i It 1 1 li i • • XO.'IHiMlin -ihlC 

Itiilt, iipnMcVi».lv!.Un\ H cip\ t'i ypi‘ I I'.njiit 1 .t t) :i 'i\i \iu' no npi \i\i t.i i nrj' .ri li pr [\ it. 

Kill’ mxmi’ U'HMMN oiii.ruin, vc/K,i\ iipn'iiiM. \ i.t II ti. H.ip'i !\ c i; n il nii.nn- .. min n*.i> ipiMo 
HiM.iMit ipaijuiia iioioinaii. i. yim’Ci nonaanc iiiu' ii 'U' i ntp i oi u nni.i (iii.i|'' (iOMi..'nu). 

Ia'icu : ncHHo. aiu iiptiin.‘.u*Mii i.if ncc iiMunannn n oiii.iiiiMn icMitur.i. la n iiinm 
•sacui ii-ojH' ni'RA'ivni n xapaKiipa iiponi-.UMMoii ikc uMon.i i r ii .. lo.ii p.i-.i.-. in 
Ol»ll. MCitn IKInliailM ,l la pl IlKMMVl |ipiiMt.llll 11 llin.lN lipoi. II \l Dll ll\ i l-n 

pi*av. ii*ia I M :«M u’pccuM a.ivi ii(inMhmin.iiMncm m ii.no imi. lo ii.iv\ . iiockohia .iui ii..n.-f h*i 
hn lVi‘ neiloM-t i V li.nn naiiaKoMil rncH C iipnlUWoM iv|tiK' i a i iii.Miinn 'I\:\n.: 

jti'* ,ia nMi'iiiiicii ncc.KMnn.rii' n-cnoii cuiiaiiiw i.iaaioii iipi' ant; i 

n(iK‘ iniinlAM.L Ha olHoi.v ainii iiiiniu u.i. npuHMMaiaoii n n.i'Ui iia- iipoi | . \t ' m ■ r 

naiinii citij'*nMni, hi.i to hi.i tpaain.iM upi ioi.'ona!!. oiii.iini i: iniii j'ii.iN jiaa. n 

,n.‘. inniMX M|>nMniin.R‘Miii.ix ii|>o»' K t. (i.a: i!so ‘i m ,ivt‘ npc\iM apa iiio io.m int'i 1 1 ; a - 1 1 . i ;>■ .• 

niiCMMn or MX iipaiiiMMiMCin n ni oniin'io'iimv ut nioyio* omi.ii moi n lon.t ..it ; iai*.' 

SI K L \ CIUSl \LI.IS \ riO\ !)| ( li \pim I i) I \ M^M I 

I K Ml - \^ 

• .til i I I i .. I ' ' - > ' I • ' |. t • I > I Imi - 

lu Ml 

«*xprri«‘iirrs rrlatro dan- rrttc rlndr out vU- (dirrtini - in \ in di inniiv •( unit 
!a >.lrurtiin* dii jrraphitr rt Ir** phriniairiir- ipii -♦ prodni- ii! an t (Oir- d» l.i -o'olii n .t! : dr |.i 

h ntP, (’.«•- rxp('TipiirP*' mil prou\r. «nilrr aiitrr-. I'rxi-trtirr tPnnr tpi.tlrnnin lo •.»» do >:»..phil. 
((■♦(irci* -phrriipip). I'li plii'. di‘- troj- loriiir- roiiinir- jii-ipi a prr-riit. 

la’s rxaiiirii- ft Ir- (ih-rr\ a! ion- aii\ rioir- dr- r \p('‘rir iirr- nr -(oti n.il nrr !h nn iil pa- 
dirri triiiriil iitili-ahlrs a la -olntimi <!♦*- prohli iiir- indn-t rirl-. h - r*‘( hrri hr- a\.tnt iin ( araili ri 
tnirrriiriit ihroriqiir. La \alriir iiidti-l rirllr tlr- rr-idtal- roii-i-tr ilaii- h nr ( init i ilnii noi .( iiiir 
roii;t'M--a!o‘r plu- approimidir d(‘ la ( ri-talli-at ion dr la imitr. 

L'aiih '.ir r-tiiiir qiir rh\pmhr-r coin mn niipirr dan- rrltr rtmlr -rra iiii|iortan(t poiir 

Ir- rrrhrrrhr- nllrrirurr-. I'llr pmirra -rr\ir utilriiirnt Ir projrrainiin di traxail Idn^ani- 

-atimi di> rxprrirnrr- rii viir dr la -(diilioti th* « (‘r1aiii- prohlrinr- iinhi-I rn |. toiitrloi-^ h - 
iliriVrriitt* point- dr rhxpnth«‘-i‘ driiiainlrnt rtirorr drirr xr.-'ilir- par dr- r \ firnr in r-. 

r HKK DIK KKISI \LI.IS\ IMiN IM S IrKMMII IS IM l.l \ 

1 K MI- 

K;*-'**.1,iT citf l<iliiM-ilnn \\ ii-< Ii.ilt • n 

/I S\MMI M \SM 

Itir ill ilrr \ orlirurndrn Xrln ii t/r-rrild. rtrn \rr-inlir xxiirdtn on \.i(.i--ri /in xnitt- 
rrii Miiniiijr drr (iraphit-tnikl nr nnd drr Xoiraiiur vxidirriid drr I r-l.o nin: d. - t.n— .i-.n 
diirrlip liihrt. AI- Kr^rrhni- drr Nrr-iit hr i-t ( - nnirr amirrrin to Iniim n. •• hrn di n hi-ln t 
iM'kaniitrii drri (iraphit Idrinr n iitn li tatir xii rtr ( K mitd-rhah* ) narh/iixx t i-ni. 

Natiirlirh koiiiirii tiir I iitrr-iirhiin^'rii iiiid rxprrinniitrlltn Ih-ohai ht nnj: « n i do 

I nr-rlniiitr-arlirit cinrii ati-t;r-pro( lirnrii t hron 1 1 -( hr ti i haraktrr hath no lit niiiin ' Ih.ir 

/nr Lo-nnn xon iinln-l rirllrn IVohlrnirii |irniil/t \x( rdmi. Ihr I ru( |»ni--t -ind ah* i ..h iii 
tiir dir Itnln-trir xmi Krdriit nnj:. al- -it* <lir K<niilni--r nlirr tlir K ri-l .d li-al ion th - l.ii-o i-m- 
rruritrm. I nr dit urilrrr I or-rhnii|:-arht il liall (h r \ rrla—rr dn m d. r \rht il tnil -. t. dir 
Mxpotlir-r i iir ui( hti?:. Mit dir-rr al- \rhril -protiranim vxiirr r- t in. r-( il- /\i i i kina--ii;. \rr-in In 
iin llinidirk anf tiir Lo-nn^' xmi rin/rlnni indn -I i irllr n I’nddt iinn /n oru'.on-n r. n ; .indi r( r- 
-rit- vxartrii alirr ant h tiir h x pt»t lift i-t hr n \nii.i liinrii -tihir aili rinr r \pt t inn nh Ih M. -I it i- n n- . 
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Les Acta Toclinira puraissnit cii riiss<*, fraiK^uis, atiglaiH ct alli^niaixi <*i r.iibli<Mit 
tirs travuux tin tloiiiaine des ttcliuiijiM'.. 

Les Acta Tcdmica soiit puMirs sous lormr dc rascicnlcs <|ui srroni rrmiis ,11 1111 

volume. 

On e«t prii a’l-iivnyt r 1,-s i.ianu^. rils ,l, ,tiiu's a la riN i. la nia< him- a 

TudrcHse suivante : 

.Irtfi Ttrhnira, limlaprst 62, Postufiok 44(f. 

Toute corrcspondaiK-c doit rtrr rnvoyV a n*tlc mciiic adrrss**. 

hr prix dc rahoimeiiicnl cst dr i |(l forints j)ar \oluiiir. 

On pent s’abonnrr a PKnlr.-pri,.. p,,iir I. Cnmincnc 1 :xt.ri.Mir .1.- lavr, ^ rt .|..„rnaiix 
«Kulturu» (Binlapext. VI., S/talin ut ::i. ( .,iM|.i, -, „„raiil .No. ' 1) 1 > „„ IVtrai.i;. , 

chez tou9 Ics rcprcst iilants on drpoHitain 

The \< ta Trrhiiira piildi.li paprrs on trrhuiral su!)jrrls in Itussian, I rriirlu lai-li.l, 
and Geniiuti. 

The Acta I’l rlinira appear in part- of \ar\infr si/e, iiiakiii-r np our \olurur. 

Manuscripts should hi* t % prd and addiCH^rd to: 

Jrtu VVc/in/Mi, li lUafHst 62, /Vs/u/niA IKK 

t iorre-poiidence with the editors and piddishers slmuld he srnt to the saiin* address. 

The rate of sulMcription to the »a r<‘<hniea is 1 UMorint s a \ oluriie. t trders mav 
he placed with „Kuitura" f oreii/n I radr Company for Books and Aewspaper- (Budapr^, \ I , 
S/l.din ut 2 \. Account No. 7- J IM ) or wltli rt prcscntat i \ es abroad. 

Die Vela rechnica \ eroffr nt lichen Vhhandlu n::rii au> dein Brifirlie drr I rr hu i-i h« ii 
Wisttetiseiiafteii in russischer, 1 1 an/o-i-i her, en;;li-( iier und deutsi lirt ^pi arhe. 

Die Acta Teclmica crsehi inm in Heflen wechselnden I iid iiipcs. Melm ir llrlte 
hildeii eineii Band. 

^ Die ziir \ crtiffcntlichunj: hr-xl imniten Manu-kripte sind, mit Ma-cliine hi irhrn, 

an folgeiide .\dresse zii senden ; 

.-Icfu I'i-rlintrii, liinittprst f)2, Postufiok / ///. 

.An die jileiche .Aiischrift ist aurii je<lr fin .lie Srhrill hit uni; und .irii V.ila- hesriuoui. 
KorrcKpoiideii/ /u ricliteii. 

Ahoniienienlsprcis pro Ban.l 1 1(1 I .omt. B. vt, Hhar hei dein Bui Ii- und /ritun:;>- \u--< u- 
handels-l iiteriieliinen »Kultura« ( Budapi-'-t . \ I.,S/t.llin ut :!J. Bankkonto Ni : I T'Miar, 7- 1 .; ) ) 
oder hei seiiieii Auslands\ ertrctun;ri n und Koniiiiissiouiin n. 
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